A copper(II) ion-selective PVC membrane sensor based on 2-(1′-(4′-(1″-hydroxy-2″-naphthyl)methyleneamino)butyl iminomethyl)-1-naphthol (BHNB) as a novel Schiff base containing a sensing material has been successfully developed. The sensor exhibits a good linear response of 29 mV per decade within the concentration range of 10 -1 -10 -6 M of Cu
2+
. The sensor shows good selectivity for copper(II) ion in comparison with alkali, alkaline earth, transition and heavy metal ions. The BHNB-based sensor is suitable for use with aqueous solutions of pH 3.5 -7.0 and displays minimal interference by Sr(II), Cd(II), Hg(II), Zn(II) and Pb(II), which are known to interfere with other previously suggested electrodes. The proposed membrane electrode was used as a sensor for determining the Cu(II) content in black tea samples. It was also applied as an indicator electrode in the potentiometric titration of Cu 2+ ions with EDTA. 
Electrode preparation
The general procedure to prepare the PVC membrane was to thoroughly mix 33 mg of powdered PVC, 5 mg of ionophore BHNB, 2 mg of anionic additive TPB and 60 mg of plasticizer DBP. The mixture was then dissolved in 3 mL of dry THF. The resulting clear mixture was slowly evaporated until an oily concentrated mixture was obtained. A Pyrex tube (5 mm i.d.) [12] [13] [14] [15] was dipped into the mixture for about 10 s, so that a nontransparent membrane of about 0.3 mm thickness was formed. The tube was then pulled out from the mixture and kept at room temperature for about 1 h. The tube was then filled with an internal solution (1.0 × 10 -3 M CuCl2). The electrode was finally conditioned for 24 h by soaking in 1.0 × 10 -2 M CuCl2. A silver/silver chloride electrode was used as an internal reference electrode. The external reference electrode was a double-junction Ag-AgCl. The electrochemical cell used was:
The lifetime of the sensor was 3 months when conditioned by soaking in a 1.0 × 10 -2 M CuCl2 solution for 1 h before measurements, and stored in air when not in use.
Results and Discussion
In the first experiment, the complexation of BHNB with a number of alkali, alkaline earth, transition and heavy metal ions was investigated conductometrically in an acetonitrile solution at 25±0.1˚C in order to obtain a clue about the stability and selectivity of the resulting complexes. The formation constant, (Kf) of the resulting 1:1 complexes were determined by computer fitting of the molar conductance-mole ratio data to appropriate equations. 16, 17 The results showed that, the stability of the complexes decreased in the order Cu Pb ∼ Ag ∼Tl ∼ Cd > Ca ∼ Co ∼ K∼ Li ∼ Na ∼ Mg ∼ Ni > Zn > Sr. As can be seen, the BHNB (log KfCu-BHNB is 5.85±0.5) could act as a highly selective ionophore in constructing a PVC-based ion-selective electrode for Cu(II).
Thus in primary experiments for comparison purposes, BHNB was used as a neutral carrier to prepare several PVC membrane ion-selective electrodes under identical conditions for a variety of metal ions. The potential responses obtained for different ion-selective electrodes are shown in Fig. 2 . Among these ions, except for the Cu 2+ ion, for all other ions the slope of the corresponding potential pM plots is much lower than the expected Nernstian slopes of 59, 29.5 mV per decade for the univalent and divalent cations, respectively. This is likely due to the high selectivity of the ionophore for copper ions over other metal ions and rapid the exchange kinetics of the resulting Cu 2+ -BHNB complex. It is well known that the membrane composition, and especially in some cases, the nature of additive, may have a significant influence on the sensitivity and selectivity obtained for a given ionophore. [12] [13] [14] [15] 18, 19 In general, the thickness of the membrane depends on the membrane content of PVC and a good correlation between the membrane thickness and the PVC content of the membrane is found. The detection limit of the sensor increases with a decrease in the PVC content. However, if the membrane is too thin, it losses its mechanical strength, and is easily broken, as previously explained. 20 Furthermore, the mobility of the Na ions (NaTPB) decreases with increasing PVC content mainly due to an increasing membrane viscosity. The performance characteristics of several membranes having ingredients of different properties are listed in Table 1 and Fig. 3 . As can be seen, among the three different plasticizers used, BA resulted in a better sensitivity. Moreover, 5% of ionophore BHNB was chosen as the optimum amount of ionophore in the PVC membrane (nos. 1 -6) .
The data given in Table 1 and Fig. 3 reveal that, in the presence of 5% NaTPB as an additive, the slope of the sensor is relatively low (no. 2 with a slope of 19.0 mV per decade). However, in the presence of 8% OA, as a suitable additive in the membrane (no. 1), the slope of the electrode is nice Nernstian (29.0 mV per decade). We recently reported on the first use of oleic acid as a very suitable lipophilic additive for inducing perm-selectivity to some PVC-based ion-selective electrodes. 18, 19 As can be seen from Table 1 , membrane 1 with a PVC:BA:BHNB:OA percent ratio of 30:57:5:8 shows a Nernstian behavior over a very wide concentration range.
Under the above optimum conditions, a series of Cu(II) ionselective sensors based on BHNB were prepared and examined. The relationship between the membrane potential and the Cu(II) concentration is shown in Fig. 4 (calibration curve) . The potential response of the sensor was linear over the concentration range 1.0 × 10 -l to 1.0 × 10 -6 M with a Nernstian slope of 29 mV per decade. The detection limit remains at a level of 8.0 × 10 -7 M.
Response time
The dynamic response time is an important factor for any ionselective electrode. In this study, the practical response time was recorded by changing the Cu 2+ concentration in solution over a concentration range of 1.0 × 10 -l to 1.0 × 10 -6 M. The actual potential versus time traces is shown in Fig. 5 . As can be seen, over the whole concentration range the electrode reaches its equilibrium response in a very short time (5 s). This is most probably due to the fast exchange kinetics of complexationdecomplexation of the Cu 2+ ion with the ionophore at the test solution-membrane interface. To evaluate the reversibility of the electrode, a similar procedure in the opposite direction was adopted. The measurements were performed in the sequence of high-to-low sample concentrations. The results are shown in Fig. 6 . As can be seen, the potentiometric response of the sensor is reversible, although the time needed to reach the equilibrium values was longer than that for the low-to-high sample concentration procedure. It is well documented that, in the case of high-to-low concentrations, the time needed to attain a stable potential is some 100-times larger than that required for the case of low-to-high concentrations (for a 10-times change in the cation concentration). 21 
Sensor selectivity
The suitability of the sensor for copper(II) ion determination in the presence of other ions is governed by the selectivity coefficients. A number of mono and divalent cations have been tested using the match potential method (MPM). 22 The results are given in Table 2 . It is evident from the selectivity coefficient data that the sensor exhibits a higher preference for copper(II) ion compared with alkali, alkaline earth, transition and heavy metal ions.
In Table 3 , the selectivity coefficients of some interfering cations for previously reported copper(II) sensors are compared with the proposed sensor. As can be seen, the proposed electrode shows superior selectivity behavior to most reported copper ion-selective electrodes. [4] [5] [6] [7] [8] [9] [10] [11] It is also worth noting that the potentiometric response of the proposed sensor was found to be insensitive to the nature of the anions used.
Effect of the pH and lifetime
The effect of the pH of the test solutions on the sensor response was studied. The potential responses indicate no significant changes at pH 3.5 -7.0 in Fig. 7 , but at pH > 7.0, the potential decreases due to the formation of Cu(OH)2.
The lifetime of the sensor was also studied. The results showed that the lifetime of the present sensor was about 3 months. During this time, the detection limit of the sensor remained almost constant, and the slope of the sensor response decreased from 29.0 to 27.0 mV per decade. After this time, the electrochemical behavior of the sensor gradually deteriorated.
Analytical application of the sensor
The proposed Cu 2+ ion-selective electrode was found to work well under laboratory conditions. It was successfully applied to the determination of copper in two samples of Iranian black tea. The procedure used for the extraction of copper from tea sample was similar to that reported in the literature. 23 One gram of the dry tea sample (dried at 110˚C) was placed in a 50 ml beaker, followed by the addition of 7 ml of concentrated nitric acid. The beaker was then covered with a watch glass. The beaker was allowed to stand overnight, and the contents were heated on a hot plate (150˚C for 15 min). After the sample was cooled, 8 ml of perchloric acid was added, and the mixture was heated again at 200˚C until the solution became clear (about 1 h). The watch glass was removed and the acid evaporated to dryness at 150˚C. A white residue was completely dissolved in 5 ml of 1 M nitric acid and the solution was transferred to a 100 ml calibrated flask. The solution was then neutralized with a proper NaOH solution. Finally, 10 ml of a 0.1 M sodium acetate/acetic acid buffer solution of pH 5.5 was added and the solution was diluted to the mark. With the use of the membrane sensor's calibration curve, the copper contents in the black tea samples obtained from triplicate measurements with electrode (33.1±0.5 and 36.5±0.8 mg/kg) were found to be in satisfactory agreement with that determined by atomic-absorption spectrometry (33.2±0.6 and 37.9±1.0 mg/kg).
The proposed sensor was also applied as an indicator electrode in the titration of Cu 2+ with EDTA. The resulting titration curve is shown in Fig. 8 . As can be seen, the amount of Cu 2+ ions in solution could be determined with the electrode. 
